The addition of 1-methylcytosine (1-MeCy) or 9-methylguanine (9-MeGu) to solutions of cis-(PPh 3 ) 2 Pt(ONO 2 ) 2 (1a), in a molar ratio of (5a), respectively. The X-ray structural determination of 2a and 3a indicates a strong π-π stacking interaction between one of the PPh 3 phenyl groups and the pyrimydinic N3-platinated cytosine or the imidazole part of the N7-coordinated guanine base. The addition of a further equiv of nucleobase to the monoadducts forms quantitatively the bisadducts that have been isolated as pure compounds 4a and 5a. Under the same experimental conditions, the dinitrato analogue cis-[(PMePh 2 ) 2 Pt(ONO 2 ) 2 ] (1b) forms the monoadducts 2b and 3b in equilibrium with a relatively high concentration (20-30%) of the bisadducts cis-[(PMePh 2 ) 2 Pt(1-MeCy) 2 ](NO 3 ) 2 (4b) and cis-[(PMePh 2 ) 2 Pt(9-MeGu) 2 ](NO 3 ) 2 (5b), which have been structurally characterized by single-crystal X-ray analysis. The characterization of the isolated complexes by multinuclear NMR spectroscopy is also described.
Introduction
In the last 40 years, the interactions of model nucleobases with metal ions have been studied in great detail, in particular toward Pt II centers having amine or diamine as ancillary ligands.
1 Recently, we have demonstrated that the use of monodentate phosphines (PR 3 ) as ligands led to the formation of platinum(II) complexes in which the nuclearity of the adducts and/or the binding mode of the nucleobase appear to depend on the nature of the substituents R on the phosphorus atoms. For instance, deprotonation of 9-substituted adenine Pt: C, 51.09; H, 4.07; N, 4.58. Found: C, 51.21; H, 3.93; N, 4.27 . A CHCl 3 solution of 1a, allowed to concentrate at room temperature, released crystals appropriate for X-ray analysis, having the composition cis-(PPh 3 ) 2 Pt(ONO 2 ) 2 · CHCl 3 .
Preparation of the Complexes. Synthesis of cis-[(PPh 3 ) 2 Pt-(1-MeCy)(ONO 2 )](NO 3 ) (2a). To a solution of 1a · DMF (73.4 mg, 0.08 mmol) in DMF (3 mL) was added 10.2 mg of 1-MeCy (0.08 mmol), under stirring at room temperature, obtaining a solution in ca. 10 min. The addition of Et 2 O (10 mL) afforded a white precipitate, which was recovered by filtration and dried under vacuum. The yield of a solid, having the composition cis-(PPh 3 ) 2 Pt(1-MeCy)(NO 3 ) 2 · DMF, was 55 mg (66%). Elem anal. Calcd for C 44 H 44 N 6 O 8 P 2 Pt: C, 50.72; H, 4.26; N, 8.07. Found: C, 49.76; H, 4.14; N: 8.08 
Synthesis of cis-[(PMePh 2 ) 2 Pt(9-MeGu) 2 ](NO 3 ) 2 (5b). With the procedure reported for 5a, 5b was prepared with a yield of 67% from 1b (102 mg, 0.14 mmol) and 9-MeGu (46 mg, 0.28 mmol) in CH 2 Cl 2 (10 mL). Elem anal. X-ray Structure Determinations. Crystal data and details of structural refinements are reported in Table 1 .
Diffraction data for compounds 1a-3a and 5b were collected on a Nonius DIP-1030H system equipped with Mo KR radiation (λ ) 0.710 73 Å) at ambient temperature, except the data collection of 2a, which was performed at T ) 200(2) K. Because of the small crystal dimensions (approximately 0.15 × 0.14 × 0.10 mm), the intensity data of 4b were measured at the RX diffraction beamline of Elettra Synchrotron, Trieste, Italy [CCD MarResearch detector, λ ) 1.000 00 Å, T ) 100(2) K]. Cell refinement, indexing, and scaling of all of the data sets were carried out using Denzo 9 and Scalepack.
9 All of the structures were solved by direct methods and subsequent difference Fourier analyses 10 and refined by the full-matrix least-squares method based on F 2 with all observed reflections.
10 Besides the nitrate anions, the difference Fourier maps revealed that some solvent residuals successfully interpreted as chloroform in 1a and dimethylformamide in 2a, 3a, 4b, and 5b, accounting for three, two, two, and four molecules for metal units, respectively; some of these were found to be disordered over two positions. All hydrogen atoms were located at geometrical positions, except those of disordered solvent molecules; those of cytosine exocyclic amino groups in 2a and 5a were derived from the difference Fourier map. The crystal packing of both compounds evidence about 30% of the unit cell accessible to the solvent, and three lattice DMF molecules per complex unit in 2a (two in 3a) were detected on the difference Fourier map and successfully refined. The volume left out in the crystal by the complexes and nitrate anions accounts for about 22 and 38% of the unit cell in 4b and 5b, and two and four solvent DMF molecules (per complex unit), respectively, occupy this area. All of the calculations were performed using the WinGX system, version 1.70.05. respectively. The X-ray structure of 1a · CHCl 3 reveals one independent complex cocrystallized with a molecule of chloroform. Figure 1 reports the ORTEP drawing of the metal complex. The platinum displays a distorted square coordination, bound to the P donors and O nitrate atoms, in a cis configuration. The nitrato groups are directed on opposite sides with respect to the coordination plane, and their mean planes form dihedral angles of 69.1(1) and 84.9(1)°with it. No significant displacement of the metal from the P 2 O 2 plane is detected, and the donor atoms are coplanar within (0.03 Å. Phenyl rings C13 and C19 are involved in π-π stacking interaction [centroid-to-centroid distance of 3.644(2) Å], but no intermolecular phenyl interaction is detected in the crystal. The coordination bond lengths and angles, as well as the orientation of nitrate anions, are very similar to those detected in the PMePh 2 , 3 PMe 3 , 12 and PEt 3 13 derivatives. This last feature, however, contrasts with that found in the analogue cis-(NH 3 ) 2 Pt(ONO 2 ) 2 , in which the nitrate groups lie on the same side of the ligand plane.
14 In a solution of coordinating solvents, 1a undergoes an extensive solvolysis of the Pt-O bonds, with the formation of complexes in which one or both of the NO 3 -ligands are replaced by solvent molecules. The process is clearly evidenced by 31 P NMR spectroscopy, as is illustrated in Figure 2 .
In CDCl 3 at 27°C (Figure 2a) (Figure  2b ), the signal is broad and shifted at lower field (δ 4.6 ppm, with 1 J PPt ) ca. 4070 Hz), indicative of chemical exchange between the NO 3 -ligands and the solvent molecules. Figure  2c shows the spectrum of a freshly prepared solution of 1a in DMF-d 7 (ca. 0.1 M), characterized by two broad resonances (at δ 6.68 and 4.28 ppm, with 1 J PPt values in the range 4050-4260 Hz), which does not change after some hours at room temperature. When the solution is cooled at -60°C (Figure 2d ), the spectrum shows two AB multiplets, one sharp (at δ 7.15 and 4.7 ppm, 2 J PP ) 22.9 Hz, relative intensity 39%) and the second (at δ 5.7 and 3. 2+ (nucleobase ) 1-MeCy, 4b; 9-MeGu, 5b). The addition of 1 equiv of 1-MeCy to a DMF solution of 1a, followed by condensation of diethyl ether vapors, afforded crystals having the composition 2a · 3DMF, as established by 1 H NMR and X-ray structure determination. Similarly, with 9-MeGu the analogue complex 3a · 2DMF has been isolated in good yield. In the presence of 2 equiv of nucleobase, the bisadducts 4a and 5a are formed in quantitative yield (by NMR).
The monoadduct complexes 2a and 3a, reported in Figures  3 and 4 , present close similarities not only in the conformation but also in the crystal packing and will be discussed together.
The Pt ion exhibits a square-planar coordination sphere achieved through the phosphorus atoms, the nitrogen donor from the nucleobase, and the nitrate oxygen atom. The nucleobase is bound to the metal through N3 of 1-MeCy and N7 of 9-MeGu, which represent the preferential binding sites for pyrimidine and purine bases, respectively. The bond distances and angles are reported in Table 2 and do not show any anomaly. The Pt-N3 bond distance in 2a [2.101(2) Å] is slightly longer than the corresponding distance Pt-N7 in 3a [2.075(5) Å] and can be ascribed to the endocyclic C-N d -C angle (N d being the donor site), narrower in the five-membered ring than in the six-membered ring, which allows a closer approach of the ligand to the metal center. Both of the bases have an unsymmetrical coordination; in fact, the C2-N3-Pt angle of the cytosine (on the side of the exocyclic amino group) and the C5-N7-Pt one of the guanine (carbonyl group side) are larger by ca. 12°and ca. 7°than the C4-N3-Pt and C8-N7-Pt angles, respectively. As far as Pt-P bond lengths are concerned, it is worth noting the shorter value measured for the phosphine trans to the nitrate anion, and the narrower N-Pt-O1 angle [86.39(10) and 86.9(2)°in 2a and 3a, respectively] in comparison to the P1-Pt-P2 one [98.83(3) and 98.08(7)°], likely induced by steric requirements.
The 1-MeCy and 9-MeGu bases are oriented almost normal to the coordination mean plane, forming a close comparable angle with the latter of ca. 76°in both complexes.
On the other hand, the nitrate group is more bent, and the mean plane figures out a dihedral angle of 65°(mean value for the two structures), with nitrate oxygen O3 pointing toward the cytosine exocyclic amino group N4 in 2a (at a hydrogen-bond distance from the latter, O3-N4 ) 2.99 Å) and toward the guanine carboxyl oxygen in 3a (O3-O6 ) 3.09 Å). In both complexes, the phosphine phenyl group C31 is oriented in such a way as to favor an intramolecular π-π interaction with the model nucleobase (centroid-to-centroid distance of ca. 3.5 Å). Moreover, an intramolecular stacking interaction is detected in 3a between phenyl rings C11 with C41 [distance between centroids ) 3.587(7) Å]. The corresponding distance in 2a is slightly longer [4.007(2) Å], indicating a different, although small, difference in the conformations of the phosphine ligands.
Whereas we were unable to grow crystals of 4a and 5a for X-ray analyses, this was possible for the PMePh 2 analogues, 4b and 5b, easily prepared from 1b in the presence of 2 equiv of 1-MeCy and 9-MeGu, respectively. The X-ray structural analysis of 4b and 5b confirms the formation of the bisadducts species , and an ORTEP view of these complexes, showing similar geometrical features, are illustrated in Figures 5 and 6 , while the structural data are collected in Table 3 .
The bases, bound through N3 and N7 in 4b and 5b, respectively, assume a head-to-tail arrangement that is the most frequent orientation of two bases in a square-planar geometry. 15 The Pt-N and Pt-P coordination bond lengths follow a trend as observed in the monoadduct complexes. The C4-N3-Pt and C8-N7-Pt angles in 4b and 5b are significantly larger than the C2-N3-Pt and C5-N7-Pt ones, respectively, confirming an unsymmetrical coordination of the bases (Table 3) The complex 4b presents a pseudo-2-fold symmetry in the solid state for the conformation assumed by the PMePh 2 ligands (methyl groups on different sides of the coordination plane) and a head-to-tail arrangement of the bases. This allows the formation of intermolecular hydrogen bonds between each exocyclic NH 2 group and the carbonyl of the adjacent base (N4 · · · O2 distances of 2.87 and 2.94 Å). The other NH 2 hydrogen atom of each cytosine forms a hydrogen bond with a nitrate anion (N4-H · · · O of 2.85 Å, mean distance). Intramolecular π-π interactions occur between each base ring and a phenyl group [base a-phenyl C3, centroid-to-centroid distance 3.480(6) Å; base b-phenyl C21, 3.448(7) Å]. In 5b, the intramolecular π-π interaction between the imidazole ring of base b and phenyl C21 is even present [centroid-to-centroid distance 3.488 (7) Å]. On the other hand, the different conformation assumed by the phosphine P1, leading the methyl group C1 to lay approximately in the coordination plane (Figure 6 ), induces a weaker π-π stacking linking the phenyl groups C3 and C15 [distance 3.784(7) Å]. In the solid-state structure, a hydrogenbonding interaction of type C-H · · · O between a phenyl group and the guanine oxygen O6 in 3a (O6b in 5b) is also present. The C · · · O distances are 3.361(11) and 3.246(13) Å, respectively. All of these interactions are likely to stabilize the crystal packing and the solid-state conformations of these complexes. It is worth noting the crystal packing of 5b, where each guanine is connected through hydrogen bonds via amino group N2 and nitrogen N3 of the centrosymmetric moiety, forming a mismatched homo base pairing [NH 2 · · · N ) 3.03 Å (base a) and 2.98 Å (base b)]. 18 The atoms of the two nucleobases are coplanar within (0.03 and (0.02 Å in 4b and 5b), respectively. Moreover, N1 and N2 nitrogen atoms act as hydrogen-bond donors toward a nitrate. Figure 7 shows the hydrogen-bonding pattern, which gives rise to a zigzag complex polymer with pendant nitrate anions. nucleobases. As previously noticed, the platination of the cytosine at the N3 site shifts at lower field the resonance of the exocyclic NH 2 protons, observed as broad singlets with the same relative intensities, at δ 9.04 and 7.93 ppm for L ) PPh 3 , in DMSO-d 6 . Similarly, the platination of 9-MeGu at the N7 site, as confirmed through 1 H-15 N heterocorrelated spectra (see the Supporting Information), causes deshielding of the H1 proton, up to 0.8 ppm for 5a.
NMR Characterization of cis-[L
The coordination of two nucleobases to cis-L 2 Pt(ONO 2 ) 2 (in DMSO-d 6 ) determines an upfield shift of the 2+ accounts for 63% of all of the phosphinecontaining species. However, when L is PPh 3 , the relative stability of the monoadducts 2a and 3a appears largely increased. In Figure 9a , the 31 P NMR spectrum of a solution of ca. 0.1 M of 2a in the DMSO-d 6 is shown. The bisadduct 4a, in equilibrium with the monoadduct, is observed as a singlet at δ -0.81 ppm and its relative intensity is about 4%. The resonance due to cis-(PPh 3 ) 2 Pt(NO 3 ) 2 is undetectable, being overlapped with those of the monoadduct, characterized by two AB multiplets.
The main resonances, at δ 5. + in which the nitrate ion is in the coordination sphere of the metal, as found in the solid-state structure. The intensities of these latter signals, in fact, increase when the NO 3 -ions are added (such as the Ph 4 AsNO 3 salt). The unusually small chemical shift differences of the two phosphines (∆δ ) 0.24 and 0.58 ppm), compared with that found for the PMePh 2 analogue (∆δ ) 8.82 ppm; Figure 8 ), can be accounted for by the presence of strong intraligand π-π interactions, as are found in the solid state, which prevent the free rotation around the Pt-P and/or Pt-N3 bonds. The imposed rigidity causes a strong chemical shift A different pattern of the 31 P NMR spectrum is observed in chlorinated solvents. Figure 9c refers to a solution of 1a and 1-MeCy (ca. a 1:1.1 molar ratio) in CD 2 Cl 2 . In addition to the singlets at δ -0.61 and +3.49 ppm, due to species 4a and 1a, respectively, the spectrum is characterized by two AX doublets ( 2 J PP ) 21.3 Hz) at δ 5.11 ( 1 J PPt ) 3939 Hz) and 3.58 ppm ( 1 J PPt ) 3455 Hz) having slightly different line widths. The doublet at higher field, on the basis of its lower value of 1 J PPt , is assigned to the phosphine trans to the N3-coordinated cytosine. This signal is overlapped with the singlet due to unreacted 1a. The resonance centered at δ 5.11 ppm exhibits a 1 J PPt value (3939 Hz) typical for a phosphine trans to an oxygen donor ligand. Moreover, this doublet is characterized by very weak satellites (separation of ca. 11 Hz; Figure 9d ) likely due to long-range 31 P-195 Pt coupling. Such satellites, although less resolved, are detectable also for the doublet at higher field and suggest the presence of a polynuclear species in which the neutral nucleobase acts as a bidentate bridging ligand likely through the N3 and O2 atoms. Attempts to grow crystals of 2a from chlorinated solvents in order to prove this unusual binding mode were unsuccessful.
Although in the solid state complexes 2a and 3a exhibit strong analogies, in solution they disclose important differences. The 31 P NMR spectrum of 3a in DMSO-d 6 shows a single set of resonances (AB multiplet at δ 7.94 and 5.12 ppm) indicative of a complete solvolysis of the nitrate Pt-O bond. Moreover, the multiplicity of signals observed in a DMF solution (see the Experimental Section) points to the presence of other species in equilibrium, in addition to that found in the solid state and the solvent complex, cis- 2+ in which the nucleobase binds the metal through the N7 and O6 atoms, a coordination mode for the 9-substituted guanines unprecedented for platinum(II). The spectroscopic parameters of this species, which is the main component of the equilibrium mixture (ca. 60%), are similar to those of the species found in DMSO. The addition of 1 equiv of 9-MeGu to the DMF or DMSO solution of 3a affords the immediate formation of the bisadduct 5a in quantitative yield (by NMR).
Conclusions
The coordination of two molecules of 1-MeCy and 9-MeGu to the metal center of cis-L 2 Pt(ONO 2 ) 2 (L ) PPh 2 Me, PPh 3 ) appears kinetically facile, as expected for the presence of good leaving groups, such as the NO 3 -ligands. The stereochemistry of the bisadducts cis-[L 2 Pt-(nucleobase) 2 ] 2+ (L ) PMePh 2 ) is that of a head-to-tail arrangement of the two cytosines and guanines, N3-and N7-coordinated, respectively. The X-ray structures confirm that the two nucleobases do not determine steric crowding in the metal coordination sphere (the sums of bond angles P-Pt-P and N-Pt-N are 179.2°and 180.6°in 4b and 5b, respectively). Despite the apparent thermodynamic stability of the corresponding PPh 3 analogues, we were unable to crystallize the complexes cis-[(PPh 3 ) 2 Pt(nucleobase) 2 ] 2+ (4a and 5a), a failure likely related to the higher steric requirements of the PPh 3 (cone angles of 145°and 136°for L ) PPh 3 and PMePh 2 , respectively). 20 It is worth noting that in the strictly related bisadduct cis-[(PPh 3 ) 2 Pt(1-MeCy-N 3 )(1-MeCy(-H)-N 4 )]NO 3 , containing a neutral and a NH 2 -deprotonated cytosine, the P-Pt-P and N3-Pt-N4 angles are 98.22(4)°a nd 87.51(13)°, respectively. 6 The platination of both cytosines at the N3 atom (or the guanine at N7) was expected to further increase such deviations from the ideal value of 90°.
Finally, the relatively high stability of the monoadducts cis-[L 2 Pt(nucleobase)] 2+ when L ) PPh 3 ligands can be accounted for by the presence in both complexes of a strong intramolecular π-π interaction occurring between a phenyl group and the pyrimydinic (or purinic) ring, which leads the P-Pt-N3/7 angle to assume a value near to ideality.
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